He concluded that the clumping of X19 by typhus fever serum was brought about by a heterologous agglutinin produced by an antigen common to the typhus 'virus' and X I9. This is still regarded as the most probable explana tion of a rather obscure phenomenon. 
sch
Bilharziasis, now known as schistosomiasis, was one of the more important medical problems in Egypt during World War I. The pathological lesions caused by longstanding infection with the two flukes Bilharzia haematobia and Bilharzia mansoni were already well known, but their life-cycle, including the intermediate stage of development in certain species of freshwater snails and the subsequent production of free-living cercariae infective to man, had only recently been described when Fairley went to Egypt. Although strict orders were issued forbidding the troops to bath in fresh water, the men were slow to appreciate the danger involved and unwilling to forego the comfort of a cool plunge. In consequence many became heavily parasitized. This brought to light a previously unrecognized condition-a toxic phase which developed some 4 to 10 weeks after invasion by the cercariae. The symptoms were pyrexia, rigors, frequent sweats, headache, and generalized body pains. At first these symptoms caused considerable confusion in diagnosis, and were thought to be due either to enteric fever or to atypical typhus. To facilitate the early recognition of schistosome infection, Fairley developed a complement fixation test along the lines of the Wassermann reaction as it was then practised, using as antigen first a saline and later an alcoholic extract of the dried and powdered livers of infected snails, which in fact consisted almost entirely of developing cercariae. This ingenious idea proved successful and the test gave positive results in the early stages of invasion by both species of Bilharzia but was negative in all other conditions. It proved of much value in differential diagnosis, and also in the control of therapy, as the intensity of the reaction declined in the wake of successful treatment. In further studies of bilharziasis Fairley confirmed Christopherson's finding that tartar emetic given in travenously was usually successful in curing this infection, although unlike Christopherson he found that only those worms which were actually in the vascular system were killed. He also infected a number of monkeys to study the pathological changes produced by the worms, and in due course published a complete record, illustrated by beautiful plates, of the lesions which each species of worm produces.
In 1919 Fairley went from Cairo to London, and spent some months in the Lister Institute where C. J. Martin, F.R.S., was Director, and Miss Muriel Robertson (later F.R.S.) a colleague. During this interregnum he passed the examinations for the D.P.H., Cambridge, and the M.R.C.P., London.
The serological diagnosis of hydatid disease and liver fluke infection
Recollecting his success in diagnosing bilharzial infection by a complement fixation test, Fairley conceived the possibility of using a similar test for the diagnosis of hydatid disease. In Australia this condition is common in sheep and pigs, and is by no means uncommon in man, all being infected by swallowing the egg of the small tapeworm Taenia , which lives in the intestine of various animals, in particular the dog. Fairley found that fluid from hydatid cysts, particularly those in which there were free scolices -the heads of embryo tapeworms-was a good antigen, and that the best cysts were those removed from the livers and lungs of infected sheep. An alcoholic extract of scolices with which he experimented proved to be no better an antigen than untreated hydatid fluid. In preliminary trials of this test 70 out of 83 patients, who were ultimately proved to harbour hydatid cysts, gave positive readings, while all of 913 controls were negative. Fairley investigated and defined various conditions which modified the degree of the reaction, and found that a positive result persisted for some time after the cyst had been surgically removed. In fact, the intensity of the reaction frequently increased for some weeks after operation, a phenomenon which he attributed to the antigenic action of hydatid fluid spilled into the patient's body during removal of the cyst. Some years later when again working in Australia he collaborated with a veterinary colleague in carrying out a wideranging survey of the incidence of hydatid disease in herbivores and porcines. This proved to be very high. No practical method of altering this high infec tion rate emerged from their studies, and their only recommendation was that dogs should be kept away from these domestic animals, a counsel of perfection which, they realized, could never be implemented. From the material which became available at this time Fairley investigated and des cribed in detail the formation of exocysts and endocysts from the original parent cyst.
As a further extension of the applicability of the complement fixation test, Fairley showed that it could be used for the diagnosis of liver-fluke infections in sheep, with a phenol-saline or alcoholic extract of flukes as antigen. O f 20 fluke-infected sheep, 18 gave a positive reaction. This observation had no practical application, but provided interesting confirmatory evidence of the fact that helminths in some way stimulate the production of antibody.
Biographical Memoirs
I n d ia , [1922] [1923] [1924] [1925] Shortly after the end of World War I the Government of Bombay decided to establish a School of Tropical Medicine in their capital city and with a view to obtaining staff of the highest quality asked the Royal Society to find for them suitable incumbents for two chairs, one of them a Chair of Clinical Tropical Medicine. This task was delegated to the Tropical Diseases Section of the Royal Society, and the appointments were widely advertised. On the understanding that it was a five-year appointment, Fairley applied and was selected for the Clinical Tropical Medicine Chair. He resigned his appoint ment in Australia, and duly arrived in Bombay, to find that at the eleventh hour the scheme had been abandoned, and to be informed that, as his appointment was terminable at six months' notice on either side, his services would not be required after 31 October 1922. Not unnaturally this decision caused considerable surprise and annoyance. The Royal Society made strong representations to the India Office, while Fairley, never loath to do battle in a just cause, demanded and was granted an interview with H.E. The Governor of Bombay. From records which he has left it is clear that there was some plain speaking at this interview, in the course of which Fairley pointed out that neither the Royal Society advertisements nor any sub sequent correspondence made mention of the appointment being terminable at six months' notice. The upshot was that after much discussion the Secretary of State agreed to compensate Fairley by appointing him for a period of five years to the specially created post of Medical Research Officer of the Bombay Bacteriological Laboratory and Honorary Consulting Physician to the Jansitjee Jijibhoy Hospital and St George's Hospital, Bombay. Few appointments can have been as fruitful as was this one.
Further work on schistosomiasis
Human schistosomiasis (the name bilharziasis is rarely used except in Egypt) is virtually unknown in India, although snails which might prove capable of becoming intermediate hosts are present in certain parts of the country. There was therefore a real danger that troops returning from countries where it is prevalent might introduce this disease into India, and Fairley was asked by the Director of Medical Research in India to prepare an antigen for diagnostic purposes. In the absence of human schistosomes, he explored the possibility of using the cercariae of the bovine schistosome, Schistosoma spindale, which infects water buffalo and certain other domestic animals. A small but heavy focus of infection with this parasite on Salsette island, some 10 to 15 miles from Bombay, proved a convenient source of material, and of some 120 000 snails which he examined, 1 • 7 per cent were infected. From these he prepared large quantities of dessicated liver, which consisted mainly of cercarial material, and it may be mentioned that this served him as a source of antigen for many years. As before, he found an alcoholic extract the most potent preparation. In goats experimentally infected with S. s p i n d a l e , antibody, as revealed by the complement fixation test, appeared in appreciable quantities on the 6th day and was still present at least 2 years later. The group nature of the reaction was demonstrated in India in goats infected with S. indicum, and later in the United Kingdom in goats artificially infected with S. mattheei and S. bovis, and in infections with all three human schistosomes.
The susceptibility of a large animal such as the goat to infection with S. spindale provided an opportunity which Fairley was quick to seize for the study of various aspects of schistosomiasis. He investigated different forms of N eil Hamilton Fairley 127 treatment, and found emetine very effective, but only in near-toxic doses which made it unsuitable for treating man. On the other hand tartar emetic given intravenously in daily doses proved reasonably satisfactory. He found that the monkey Macacus sinicus enjoyed a natural 'species' immunity to S. spindale. About 7 weeks after exposure to cercariae the complement fixation test became positive. Schistosomulae (developing worms) were found in a monkey autopsied on the 11 th day, but none were found in another examined on the 23rd day. No mature worms were found in any of the monkeys.
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Infection with the guinea-worm, Dracunculus medinensis, was common in the Bombay area, and in collaboration with Lt.-Col. F. P. Mackie, I.M.S., Fairley carried out an exhaustive investigation of some 140 cases. He was particularly interested in the occurrence of toxic symptoms prior to the appearance of the blister which signalizes the arrival under the skin of the gravid female worm. These toxic symptoms bore some resemblance to those found in the invasive stage of schistosomiasis. Nevertheless complement fixation tests with an appropriate antigen were negative. As in the case of S. spindale, Macacus sinicus possessed species immunity to this parasite.
Sprue
The study of sprue occupied much of Fairley's time during his three years in Bombay, and ultimately became of considerable personal interest, as unfortunately he himself developed the disease, and had on this account to be invalided out of India. His exhaustive descriptions of the clinical features of acute sprue, and of the pathological changes found post , have never been significantly amplified or modified. He devoted considerable attention to the problem of aetiology. By means of the complement fixation test, in which immunized rabbits were used as a control, he discounted the claim that Monilia psilosis was the cause of the disease. He showed that the tetany which sometimes occurs as a complication was due to defective calcium absorption, and not, as had been suggested, to parathyroid deficiency, this having been put forward as a possible cause of the complete sprue syndrome. He differentiated the megaloblastic anaemia of sprue from that of per nicious anaemia, and thought that it might be due to the absorption from the bowel of some toxic substance which affected all the blood-forming elements. He attributed the flat blood-glucose curve shown by sprue patients to defective absorption and not to endocrine deficiency-another suggested cause of sprue. His final conclusion was that sprue was primarily a dys function of the gastro-intestinal tract of unknown aetiology, though possibly related to conditions more commonly found in the tropics than elsewhere, and that the symptoms were the outcome of the resulting malabsorption of various essential nutritive substances and vitamins. Folic acid was of course unknown at that time, but in later papers Fairley forecast the possible existence of some such substance. He discovered no specific cure for sprue, but found a suitable diet of great value in expediting recovery. He had noted that while fats and carbohydrates were badly absorbed, protein was well digested. He therefore advocated a high protein, low carbohydrate and fat diet, and with this successfully treated a number of cases including, ulti mately, himself. Following up this idea he arranged for the production of a dried milk powder (Sprulac) artificially treated so as to contain carbo hydrate, fat, and protein in the requisite proportions, and found this useful for treating cases of sprue in circumstances where adequate supplied of fresh meat protein were not available.
A u str alia , [1925] [1926] [1927] [1928] [1929] After recuperating in Britain from the attack of sprue contracted in Bombay, Fairley returned to Australia, and in 1927 resumed work in the Walter and Eliza Hall Research Institute as Commonwealth Research Officer, where among other things he carried out the surveys of hydatid disease of which mention has already been made.
Intradermal reactions in helminthic infections
Searching for a method less complicated than the complement fixation test for the early diagnosis of helminthic infection, Fairley conceived the idea of using an intradermal test. He prepared a saline extract of spindale cercariae from the dried material which he had brought with him from India, and found that when a small quantity of this antigen was injected into the skin of patients suffering from schistosomiasis a large wheal rapidly appeared, while no such reaction occurred in non-infected controls. He described in detail the characters of a wheal which could be accepted as diagnostic of schistosome infection, and also the minor pseudo-reactions which may occur in noninfected people. While useful for diagnosis, the reaction gave no help in the control of therapy.
Patients suffering from hydatid disease gave similar reactions to an intra dermal injection of hydatid fluid, but this had first to be standardized against known positives and controls. Even with this precaution, doubtful results were not uncommon. It proved necessary to measure the wheal carefully and compare it with standards which Fairley worked out.
Snake-bite
Snake-bite is a serious hazard in Australia, and accounts for some hun dreds of deaths each year. There are five poisonous species, the death adder, the tiger snake, the black snake, the brown snake, and the copper head. The death adder, despite its misleading name, is not a viper, and all five are of the type which Fairley referred to as colubrines, now known as elipine snakes. Joining his director, Dr C. H. Kellaway (later F.R.S.) in a study of these snakes, Fairley first turned his attention to the question of biting efficiency. Vipers, of which the Indian Russell's viper is the best known example, are much more efficient biters than colubrines, and can strike, inject their venom, and withdraw in a fraction of a second. Colubrines are slower, and in some cases have to bite firmly to squeeze out the poison. Fairley found that in the Australian snakes the width of the 'gape', determined by the shape of the skull bones and mandible, the distance between the fangs, which he measured by taking impressions on dental wax, and the extent to which the fangs could be erected, which he examined by the electrical stimulation of the appropriate muscles in a living snake whose brain had been destroyed, all played a part. In order of 'efficiency' he placed the death adder first, the brown snake last, and the others intermediate. He stressed the clinical importance of measuring the distance between the skin punctures in a human victim. Where this was under 1 centimetre the dose of venom injected was probably small: where it lay between 1 • 5 and 2 centimetres, it was likely to be large.
The venom content of the poison glands-the parotids-of the different snakes, measured in terms of certainly lethal doses, varied widely, the average being 118 in the death adder and 1 *5 in the black snake. The toxins in the venoms of the different snakes also varied. While viperine toxins were mainly haemorrhagin, thrombase, and autolysin, the colubrine toxins were neurotoxin, haemolysin, and anticoagulin. The amount of venom injected at each bite could apparently be controlled to a certain extent by the snake, which in some cases was found to be capable of giving a series of fatal bites.
As a practical measure the value of applying a tourniquet to a limb proximal to the site of a snake bite was determined experimentally in sheep and goats. Previously tests of this procedure had been carried out on rabbits, but Fairley found these unsatisfactory. Apart from delaying death, and so allowing more time for treatment with antiserum, ligation was without effect, and even one certainly lethal dose caused death. A clear cut case was thus established for the mass production of antiserum, and this was duly undertaken.
L ondon, 1929 -1940 In 1929 Fairley resigned from his appointment in Australia and came to London to be Assistant Physician to the Hospital for Tropical Diseases and Lecturer at the London School of Hygiene and Tropical Medicine, where he quickly gained a high place in the estimation of his colleagues. In this new environment his appetite for research was in no way blunted, and he con tinued to look around for new worlds to conquer.
Filariasis
From time to time patients suffering from elephantiasis and Calabar swellings caused by filarial infections were admitted to Fairley's wards, and he became impressed with the importance of finding some means of diagnos ing such infections at an early stage. His past experience suggested that serological tests similar to those he had introduced for schistosomiasis and hydatid disease might be successful. It was impossible to get from human sources a sufficient supply of worms from which to make antigen, and he decided to experiment with a related canine parasite, immitis. This is of common occurrence in the Far East, and adult worms are usually to be found in the hearts of infected dogs. With the cooperation of an acquaintance in Sarawak, Fairley obtained several grammes of dried Dirofilaria, from a portion of which he prepared an alcoholic extract. Carry ing out the complement fixation test by the standard technique, with this extract as antigen, he found that the serum of patients suffering from all types of filarial infection gave a positive reaction-a typical group reactionwhile sera from controls were negative. Clinically this test proved of par ticular value in the diagnosis of suspect infection with Loa loa, the worm which causes Calabar swellings, as it gave a positive result before embryos could be detected in blood smears. With a saline extract of the dried worms he obtained comparable results by means of an intradermal test similar to that he had used in the other helminthic infections. When preparing a paper to record these findings he was somewhat chagrined to find that, unknown to him, Talliaferro and Hoffmann had already published details of a some what similar skin test.
Leptospiral jaundice
Severe and often fatal jaundice caused by infection with Leptospira icterohaemorrhagiae was first described in Japan in 1915, and was found among troops fighting in Europe in World War I, but until 1934 only one case had been reported in England, although in 1923 a small outbreak of 18 cases with 2 deaths occurred in coal-miners in East Lothian in Scotland. In 1934 a sewer-worker suffering from jaundice came under Fairley's care. Suspecting the possible cause of the illness from the severity of the symptoms, Fairley sent a sample of blood for guinea-pig inoculation to the Wellcome Bureau of Scientific Research. This gave a positive result, leptospira beingrecovered from the injected animal. Shortly afterwards he heard of a second and fatal case of jaundice, also in a sewer-worker, which might well have been caused by leptospiral infection. He began to wonder if men following this occupation ran an undue risk of contracting leptospirosis, and decided to make some investigations. He proceeded to search through the records at his disposal, and finally succeeded in getting in touch with 8 men, all sewerworkers, who had suffered from jaundice in recent years. He sent samples of serum from these men to Professor Schiiffner in Amsterdam, to be examined by an agglutination test, specific for leptospiral infection, which Schiiffner had recently developed. All 8 proved to be positive in varying degrees, thus providing strong evidence to support Fairley's theory that leptospirosis was an occupational hazard. The infection was held to be contracted through contact with sewage contaminated by rats, in which leptospirosis is of common occurrence. Fairley's findings were accepted by the public health authorities, and steps were taken to protect all those whose work brought them into contact with sewage.
Blackwater fever and nutritional macrocytic anaemia
The clinical and laboratory findings in a case of blackwater fever aroused Fairley's interest in the fate and disposal within the body of damaged red blood corpuscles and free haemoglobin, and launched him into a series of researches, extending over a number of years, which he pursued with the assistance of his very expert technician, Mr R. J. Bromfield.
At an early stage Fairley found that the pigment present in the plasma during the acute haemolytic crisis of blackwater fever differed spectro scopically and in its chemical reactions from the methaemoglobin which, with oxyhaemoglobin, gave the urine its characteristic port wine colour. In parallel with this observation he noted that washed red cells from the same sample of blood contained only oxyhaemoglobin, from which he concluded that the pigment in the plasma, which he named pseudo-methaemoglobin, was formed when oxyhaemoglobin from lysed red cells mixed and pre sumably combined with some component of the plasma. In contrast he found that the methaemoglobin produced by the action of certain drugs, and in particular plasmoquine (the 8-aminoquinoline then in use as an antimalarial), was formed inside the red cells. This observation provided a simple method of differentiating the two conditions and placed the haemoglobinuria of plasmoquine idiosyncracy (now known to be associated with a genetic aberration resulting in the absence from the blood-corpuscles of the enzyme glucose-6-phosphate dehydrogenase) in a separate category from classical blackwater fever. To confirm and amplify these observations made on the few rare cases of haemoglobinuria which occur in London, Fairley paid several visits to the Malaria Research Laboratory of the League of Nations, which was under the charge of Dr Henry Foy. This laboratory was situated in the compound of the Refugee Hospital, Salonika, and had access to ample material of the kind Fairley wanted. In preceding years large numbers of Greek refugees from Turkey had settled under very primitive conditions in the malaria-ridden hinterlands of Macedonia, and in their illnourished state had suffered severely from malarial infection with all its sequelae and complications, among them blackwater fever and severe anaemia. In all cases of blackwater fever which Fairley examined the only pigment present in the plasma was pseudo-methaemoglobin. This pigment was never excreted in the urine, where only methaemoglobin and oxyhaemo globin were found. He concluded that pseudo-methaemoglobin could not pass the kidney barrier, and that the methaemoglobin in the urine was produced by the conversion of oxyhaemoglobin in the tubules of the kidney and in the bladder. Because of certain chemical reactions shown by pseudo-methaemoglobin, Professor Keilin, F.R.S., suggested to Fairley that this pigment might be formed by the combination of haemin with some constituent of the plasma other than globulin, This deduction proved to be correct, and Fairley was able to demonstrate that pseudomethaemoglobin was in fact methaemalbumin, or as he later named it, haematinalbumin, and could be produced in vitro by incubating a mixture of haemin and sterile plasma. At a later date he also found methaemalbumin in the plasma of cases of nocturnal haemoglobinuria, and in haemolysis resulting from incompatible transfusions. As to the cause of the haemolytic crisis which results in blackwater fever, he was unable to reach any definite conclusion. In his experience this condition developed only in patients who had suffered from repeated attacks of malaria and who still harboured the malaria parasite, and was precipitated by the administration of quinine. His detailed studies of the macrocytic anaemia from which debilitated subjects suffered revealed a panmyelopathy affecting all types of bloodforming cells. He suggested that the name Nutritional Macrocytic Anaemia should replace the commonly used designation Tropical Macrocytic Anaemia, as the condition was by no means confined to the tropics. In retrospect he considered that the anaemia of sprue, which he had previously attributed to some toxic agent, was probably of this nutritional type. 
Allied intervention in Greece in 1941-an historical incident
As already recorded Fairley was well acquainted with the malaria situation in Macedonia, and as it happened a colleague in the Medical Directorate of British Army Headquarters who had served for 3 years in that country in the 1914-1918 war was equally alive to the dangers of service there. Early in 1941 it came to the knowledge of these officers that plans were being made to send British and Australian troops to Macedonia to bolster Greek resist ance to the imminent German invasion, and that the campaign might well last into the season of malaria transmission which begins about mid-June. Accordingly Fairley and his colleague wrote a joint memorandum for the attention of the Commander-in-Chief, General Sir Archibald Wavell, emphasizing the clanger of this plan, and pointing out that if unseasoned troops were deployed in Macedonia during the malaria season the experience of the first war would be repeated and the army would be decimated. As an alternative they suggested that, as local troops of the Greek army were largely premunized to malaria, they could occupy this part of the country without incurring the same risk. General Wavell reacted violently to this memorandum. He refused to accept the attitude that effective preventive measures could not be taken, instancing the claims made by Castellani regard ing his success in this respect in the Abyssinian war, and accused the writers of the memorandum of having a 'non-medical and non-military' outlook. As they were sure of their ground and regarded the matter as very serious, Fairley and his colleague requested an interview with the Commander-in-Chief. This was granted, and General Wavell, having listened to a detailed exposition of the reasons for the opinions expressed in the memorandum, and havingput some very pertinent questions, admitted that he had been overhasty in his judgement and withdrew his criticisms. Next day the file was returned to the Medical Directorate bearing in General Wavell's own handwriting a note to this effect-a gesture typical of that great man. The upshot of this intervention was that the plans were changed, and British and Australian troops went to Greece instead of Macedonia. The outcome of the campaign is history: in fact it was over before malaria transmission was due to start.
Bacillary dysentery
In the early days of the campaign in Middle East, bacillary dysentery presented a problem of considerable importance. Infection with the FlexnerBoyd group of organisms was responsible for the majority of cases, and in general the resulting illness was relatively trivial and self-resolving. Infection with Shiga's bacillus was much more serious. Some of the patients recovered without developing grave symptoms, but others, despite the most careful treatment, went steadily down hill and died. Knowing of this, Fairley brought with him a supply of extremely potent Shiga antitoxin, but, dis appointingly, despite the administration of heroic doses, it proved of no avail in the more serious cases. Up to this time sulphonamides had not been used in the treatment of bacillary dysentery, but by a happy chance some 5 lb. of sulphaguanidine, prepared at the instigation of Dr E. K. Marshall of Johns Hopkins Hospital, who foresaw the possible use of this slowly absorbed preparation in the treatment of colonic infection, were presented to Fairley and a colleague who were jointly experimenting in the treatment of acute bacillary dysentery. The first case to be given sulphaguanidine was a patient suffering from severe Shiga infection who appeared likely to die in a few days' time. The result was dramatic; symptoms rapidly disappeared and in a short time the patient was convalescent. Similar results were obtained in subsequent cases, and when adequate supplies of sulphaguanidine became available bacillary dysentery ceased to be a killing disease. An interesting example of the value of sulphaguanidine occurred at a later date. In 1942 severe fighting took place between Japanese and Australian forces over the Owen Stanley Ranges in New Guinea, and in both armies bacillary dysen tery assumed epidemic proportions and greatly undermined their fighting capacity. Acting on Fairley's advice all available supplies of sulphaguanidine in Australia were rushed by air to New Guinea, and at Regimental Aid Post level every man who complained of diarrhoea was treated with this drug. Within 10 days the epidemic was controlled. It was commonly said thereafter that 'sulphaguanidine saved Moresby'.
A ustralia and t h e South P acific t h e a t r e of w a r , [1942] [1943] [1944] [1945] [1946] In 1942 Fairley accompanied the Australian Forces who left the Middle East when Japan entered the war. He went first to Java, and after an exciting interlude on that island escaped to Australia with part of the headquarters staff of the Australian forces, actually on one of the last ships to get away. Some little time before leaving he had arranged for the purchase and ship ment to Australia of all available stocks of quinine in Java. This was divided into two consignments. One was placed on board a ship which sailed but was later sunk, the other fell into the hands of the Japanese, and so Fairley's efforts were in vain.
In Australia he was promoted Brigadier, and became Director of Medicine in the Australian Military Forces. Soon afterwards he was appointed Chairman of the Combined Advisory Committee on Tropical Medicine, South Pacific Area, and in this capacity was directly responsible to General MacArthur.
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Chemotherapeutic suppression and prophylaxis of malaria On taking up his new duties Fairley quickly realized that his most important task was to find ways and means of cutting down the incidence of malaria, which was causing a crippling loss of manpower in the troops fighting in the jungles of the South Pacific theatre of war. As the cinchona plantations of Java had fallen into Japanese hands, supplies of quinine were running out, and his first step was to visit the United States of America and Great Britain to make an urgent plea for the rapid provision of supplies of atebrin (now called mepacrine) which was then the only known quinine substitute. On another count, he also asked for supplies of sulphaguanidine. His demands met with a generous response, but it soon became obvious that the mere availability of atebrin, in the absence of firm convictions about its prophylactic value, did not solve the problem. Through lack of interest insufficient care was being exercised to ensure that the daily prophylactic dose was taken regularly, and the incidence of malaria remained high. In the early months of 1943 the situation became so urgent that active measures had to be taken, and to provide conclusive and incontrovertible evidence of the value of preventive medication, Fairley asked for and was given authority to establish two research groups, one a Land Headquarters Medical Research Unit attached to an Australian General Hospital in the coastal area at Cairns, and the other a Research Group comprising specially selected medical and laboratory personnel at another General Hospital working in conjunction with a convalescent depot further inland. As Director of these establishments Fairley was in his element, and proceeded to organize and put into operation a programme of research which will long be regarded as a model for investigations of this kind. At the L.H.Q. Medical Research Unit, which started to function in June 1943, he established a series of sections, each staffed by trained experts. The entomological section was briefed to collect the larvae of anopheline mosquitoes known to be vectors of malaria in the South-West Pacific Area-ultimately some 20 000 larvae per week were being dispatched by air from a collecting unit in New Guinea: to breed out and maintain the adult females: to feed these females on gametocyte carriers: and finally to transmit malaria by subjecting volunteers to the bites of batches of infected mosquitoes in which the sporozoite rate had been calculated. The trickiest part of this complex procedure was to have gametocyte carriers available when they were required, but ways and means of overcoming this difficulty were ultimately devised. The pathological section had as its task the investigation of the effect on the parasites and their human hosts of the various antimalarial drugs which were being tested: this involved blood examinations, urine examinations, and estimations of drug concentrations. The clinical section was concerned with the selection of volunteers, the administration of the drugs, and the clinical study and care of the patients. At the second or inland station, the other research group took over and looked after volunteers who had been used in the subinoculation experiments to be described later, and investigated the action of antimalarial drugs in such infections. They also studied sporozoite-infected volunteers in whom overt attacks of malaria had not occurred in order to exclude latent infection and to determine the existence-or absence-of natural immunity.
A fundamental requisite in these investigations was a steady stream of stouthearted volunteers willing to be the subjects of a variety of unpleasant experiments. The majority, having first been bitten by infected mosquitoes, were used in trials designed to determine the protective properties of different drugs. Others were used as controls, and for various related pur poses. During the later trials of prophylaxis the volunteers were subjected to every kind of hardship which might be encountered on active service, such as long exhausting marches carrying full equipment, lack of sleep, extremes of heat and cold, and shortage of food and water. Without Fairley's fiery enthusiasm, which lit up everyone with whom he made contact, it is doubtful if a sufficient number of men would have offered themselves for these un pleasant ordeals. As it was, his appeals never failed, and at no time was there a shortage of willing victims.
The keynote of success in all these experiments was the 'subinoculation test which Fairley devised to detect minimal degrees of parasitaemia. In normal practice the presence of malaria parasites in the peripheral blood is revealed by microscopic examination of thin or thick blood smears, the latter being superior to the former in light infections. Even so, the quantity of blood examined in a thick smear is no more than a few cubic millimetres. Subinoculation consisted in the injection of 200 cubic centimetres of the blood to be tested into a matched volunteer who had not previously suffered from and therefore was susceptible to malaria. In this way the lightest of infections in the injected blood was revealed in due course by the develop ment of an overt attack of malaria in the recipient volunteer.
In preliminary experiments this delicate test revealed some hitherto unknown facts about the development of the malaria parasite in man. Following a heavy inoculation of sporozoites by biting mosquitoes, sub inoculations were positive for about 7 minutes, after which they were negative, showing that the sporozoites had come to rest in some internal site. Thereafter subinoculations remained negative for some days. In Plasmodium falciparum infection subinoculation again gave a positive result some 6 to 7 days after the date of sporozoite inoculation, while with P. vivax the interval was 8 to 9 days. It was usually possible to detect parasites by microscopic examination of blood smears about 3 days after the subinoculation test became positive, while clinical symptoms appeared some 7 to 14 days later.
When preliminary arrangements had advanced sufficiently for the scheme to be viable, and with rigid controls covering every step, trials of the sup pressive or prophylactic properties of various drugs were started. Quinine and sulphadiazine, though showing activity, proved to have at best a limited action in preventing the development of either species of parasite and were deemed unsatisfactory. In any event, no adequate supplies of quinine were available. On the other hand atebrin, in daily doses of 0 • 1 g, proved effective, but in a remarkable and unexpected way. In men heavily infected with falciparum, and put on this regimen, subinoculations gave positive results on the 6th to 7th day just as in controls who had taken no atebrin. If, however, the daily dose was continued, subinoculations became negative by at latest the 13th day, and if atebrin was then withheld, no relapse occurred. Atebrin was thus shown to be a true causal prophylactic in falciparum malaria, although it had no action on the latent form of the parasite which exists between the time of biting and the appearance of parasites in the circulation on the 6th or 7th day. It acted only on parasites in the blood-stream. In men infected by mosquito bite with P.
v i v a, results were simi unless the daily administration of the drug was continued indefinitely, relapse occurred when it was withdrawn. In vivax infection, therefore, atebrin, though lethal to parasites in the circulation, had no action against either the latent form which existed before the blood-stream was invaded, or a similar latent form which persisted and was responsible for the relapses character istic of benign tertian malaria. Nevertheless, as long as 0 • 1 g of atebrin was taken regularly each day, no overt attack of malaria developed.
These findings were exhaustively repeated and confirmed, not only under hospital conditions, but in heavily infected men exposed to the strains and stresses which have already been described. On no occasion did overt malaria develop in any man taking regularly a daily dose of 0 • 1 g of atebrin.
With these facts firmly established, the next task was to let them be known to those responsible for the discipline of the troops, and to make clear their implication. Arrangements were made to hold a conference-the Atherton Conference-to which the Australian General Staff and all available Field Commanders were summoned. After preliminary remarks by the General Officer Commanding-in-Chief, Fairley was given the floor, and presented his case so forcibly that his audience was completely convinced and his data were officially accepted as proof that a strict atebrin regimen would lead to the control of malaria and would allow troops to fight in the jungle with a minimum of malaria casualties. Orders were at once issued on this subject, and Commanding Officers were made responsible for ensuring that these were carried out, and were called to account if any cases of malaria occurred in their units. The result was dramatic. In December 1943 the malaria rate in Australian troops serving in hyperendemic areas was 740 per 1000. In November 1944 it was 26 per 1000, and after some minor seasonal fluctua tions, fell again to that level in September 1945, and remained there or thereabouts until the end of the campaign. Nor were the benefits which stemmed from Fairley's researches confined to Australian troops. Malariologists from Great Britain, India, the United States of America and else where came to Cairns to investigate the experimental background of these human experiments, and went away convinced. Atebrin suppression of malaria became the order of the day, to the benefit of all.
This was Fairley's greatest contribution to medical science, and his greatest triumph. The importance and value of his findings, freely acclaimed by those in authority at the time, have been in no way diminished by the passage of the years. His work remains an inspiration to those researching in this field.
Having disposed of atebrin, Fairley and his team in the following years proceeded to make use of the facilities at Cairns to investigate some old and some new antimalarial drugs. The claims made for plasmoquine were in the main confirmed. O f new compounds, paludrine (proguanyl) proved to be superior to atebrin, which, though a good prophylactic, was found after prolonged use to turn the skin yellow (a disadvantage not important in war, but of some significance under peace conditions), and occasionally to have other side effects. Good results were obtained with the 4-amino-quinoline group, santochin and chloroquin. These findings, which, like those on atebrin, are recorded in great detail, have never been, and are never likely to be, challenged.
In his consultant capacity Fairley now toured widely through the areas in south-east Asia occupied by the allied troops, and gave wise and experienced advice on the many medical problems which presented themselves. His reputation was at its zenith, and his influence was vast. E ngla n d , On release from his army appointment in Australia, Fairley returned to England to become Wellcome Professor of Tropical Medicine at the London School of Hygiene and Tropical Medicine, and Consulting Physician to the Hospital for Tropical Diseases. Here he soon became involved with his colleagues at the Tropical School in an investigation which in its way was a logical sequel to certain of the findings made in Cairns.
The exoerythrocytic cycle of the malaria parasite It had long been obvious to protozoologists that the trophozoites and gametocytes of the malaria parasite which circulated in the peripheral blood represented only one phase of its life cycle, and that it must exist in another form in some internal organ during the latent phases which follow inoculation with sporozoites and which occur between relapses in vivax infection. Suggestive factual evidence of the existence of tissue forms of mammalian parasites of this kind was produced by P. C. C. Garnham (later F.R.S.) who found cyst-like structures, thought to be enormous schizonts, in the liver of a monkey infected with the parasite then believed to be a , but now known as Hepatocystis kochi. Subsequently H. E. Shortt (later F.R.S.) and Garnham heavily infected a monkey with sporozoites of Plasmodium cynomolgi, and a human volunteer with sporozoites of P. vivax (in both cases cases by mosquito bite plus inoculation by syringe) and subsequently found schizonts in sections of liver. A later experiment, in which Fairley was more closely involved, was carried out with P. falciparum. Following a most elaborate 'build-up' with a strain of this parasite imported from Roumania, a volunteer was exposed on three successive days to the bites of some hun dreds of infected mosquitoes. On the sixth day after the first exposure, a liver biopsy was performed by operation, schizonts of different ages were found in stained sections, and the last problem was solved. Fairley's part in these classical experiments was in the main advisory, but their success owed much to the experience accumulated in his earlier work in Australia, and par ticularly to the precise timings revealed by the subinoculation experiments.
The committee phase Sad to relate, Fairley suffered from a serious illness in 1948 from which he did not completely recover, and which progressively sapped his energy during the remaining years of his life. He resigned from his professorial appointment, but continued in practice and as a member of a large number of committees. For many years he had been deeply interested in the affairs of the Royal Society of Tropical Medicine and Hygiene, and indeed it was largely due to his initiative that Manson House, the headquarters of the Society, was acquired in 1930. He was Honorary Secretary from 1930 to 1951, and President from 1951 to 1953. Fie was, over a long period, a member of the Colonial Medical Research Committee, and of several of its sub-committees. He served for a term on the Medical Research Council, and belonged to several administrative committees. He became in fact the 'Elder Statesman' of Tropical Medicine, and his advice was in constant demand.
Failing health ultimately made residence in London no longer desirable, and accompanied by his wife, whose devoted care over these last sad years did much to smooth his path, he retired to Sonning, where he died on 20 April 1966.
N eil Hamilton Fairley 139
Reflections on Fairley's work These brief summaries of Fairley's major researches-he made some minor excursions into other fields-convey little idea of the volume of work which each investigation entailed. He was above all thorough and meticulously careful in everything he did, and spared no pains in setting up controls and in exploring alternative explanations of his results. His lengthy publications, rounded off with lucidly tabulated conclusions conveying the substance of his findings, embody a wealth of detail which illustrates the care he had taken to avoid falling into error. The energy with which he pursued an idea and the effort which he was prepared to make to achieve his ends are well seen in the repeated trips he made to Macedonia to study blackwater fever. It is significant that while later investigations by other workers have in some cases carried knowledge beyond the point which Fairley reached, nothing has upset or replaced the conclusions he formulated. He had much insight and imagination linked to an essentially practical outlook. His interests lay, not in the elaboration of abstract theories or in the elucidation of problems of academic interest, but in the discovery of better methods for the diagnosis, prevention, and treatment of prevailing and important diseases. The success which he achieved is woven into the modern practice of tropical medicine.
Some personae matters
Fairley was tall and strongly built, with a slightly 'bulldogish' expression which did not belie his nature. In his younger days he was very active, and the curb which his illness placed on his physical powers, and at the end his mental acuity, was tragic. He was a man of great sincerity and singleness of purpose, who threw himself wholeheartedly into everything he undertook to do, and was not to be deflected from his course. He had a strong character, and was capable of making resolute and painful decisions in difficult cir cumstances, a duty which on occasion fell to his lot when he held high office in the Australian army.
Underneath this 'working' exterior, however, there lay a warmth which endeared him to all who knew him, and he enjoyed great popularity and made many lifelong friends. He was of a most generous disposition, ever ready to extend a helping hand when it was needed. He inspired deep loyalty in those who worked with and under him, among other reasons because he took pains to further their interests, and never failed to give credit where it was due.
Despite his dedication to hard work, he was in no sense a recluse, and enjoyed the good things of life when occasion offered. He had a lively sense of humour, and in times of relaxation was an excellent companion. When on tour during his war service he was persona grata in all the messes he visited, and many junior officers, now grown old, recall with pleasure their conver sations with him, and his kindness and helpfulness.
He was married first in 1919 to Violet Mary Phillips, who had one son, now holding a commission in the Australian Army. I h e marriage was dissolved in 1924. In 1925 he married Mary Evelyn, daughter of the late Herbert Greaves of Bombay, and gained a helpmeet who was to be a support and inspiration throughout the rest of his life. Two sons of this marriage have followed the family tradition and have taken up medicine as a career.
